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Abstract
As levels of agricultural productivity increase, there is also an increase in land area not utilized for food production. This
area can be used for growing energy crops, including grasses. When land is set aside for grassing, or when the potential
of perennial grasses is not utilized due to reductions in cattle herds, there is also an increased amount of grass that can
be utilized for energy purposes. Experiments were carried out on the principle of single-stage anaerobic digestion within
the mezophyle range. During the experiments, we measured the cumulative production of biogas and its composition.
The processed grass was disintegrated by pressing and cutting. This adaptation of the material resulted in increased
biogas production. The optimum proportion of grass dry matter is from 35 to 50 % in the total d.m. The results of the
experiments proved the suitability of grass phytomass as a material for biogas production.
Keywords: biomass production, anaerobic digestion, biogas.
1 Introduction
The search for new energy resources has become a
worldwide phenomenon. Due to increasing levels of
agricultural productivity, there has also been an in-
crease in land set aside without food production.
Grassland is of exceptional signiﬁcance not only for
forage production but also for non-production func-
tions [1]. Its important functions include: water man-
agement — rainfall retention; anti erosion — i.e. pro-
tection against water and wind erosion; protection in
relation to the hydrosphere — root systems reduce
underground water pollution; esthetic — grassland
maintains the appearance of the landscape; economic
and social functions — generating jobs for people
living in marginal areas. When arable land is put
into the set-aside regime, the lands needs to be cul-
tivated by cutting. Increased economic pressure for
proﬁtable agriculture is another reason why the culti-
vated area has been reduced, particularly in marginal
regions. It may be assumed that the trend in Ger-
many and Austria will be followed in the Czech Re-
public, and there will be increased social pressure on
landowners, especially in tourist regions, to ensure
that all grasslands are regularly maintained [1].
2 Material and methodology
In our experiment, we used Agrostis gigantea
(Rozˇnovsky´), fescue Kora, reed canary grass Palaton,
reed canary grass Lera, reed canary grass Chrifton,
grassland mixture for wet conditions, grassland mix-
ture for dry conditions, brome-grass Tacit and Ar-
rhenatherum elatius Rozˇnovsky´. The experiments
were performed with variants without N fertilization
and with an N dose of 50 kg/ha/a. The experimental
crop was harvested six times in the course of a year.
The biomass yield in the green and dry material was
found, and also the dry matter content.
A laboratory workplace was built for producing
biogas grown from a special substratum. A set of
fermenters was placed in a heated water bath. Each
fermenter had its own gas container to enable the bio-
gas production quantity to be read. These small de-
vices determine biogas production and specify other
properties of the phytomass mixture of energy plants,
slurry, fugate and neutralization agents. The aim of
our experiment was to reduce the acidity of an or-
ganic substratum mixture processed under anaerobic
conditions. An AIR LF analyzer was used to an-
alyze the biogas that was generated. This device
was further used for measuring the CO2, CH4 and
S2 contents. A pair of larger reactors with compar-
ative methanogenesis measurements was also avail-
able. The mixtures tested with good results in small
fermenters were then veriﬁed in larger laboratory fer-
menters.
3 Results and discussion
3.1 Yield characteristics of the
investigated grass species
On 8th July 2010, the ﬁrst harvest of energy grasses
and grassland mixtures for biomass and seed produc-
tion was gathered: fescue Kora, reed canary grass
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(Palaton, Lera and Chrifton), Arrhenatherum elatuis
Rˇozˇnovsky´ and brome-grass Tacit. On August 9, en-
ergy grasses and grassland mixture for biomass pro-
duction and Agrostis gigantea Rˇozˇnovsky´ for seed
production were harvested. On September 8, all
grassland mixtures and grass species for biomass pro-
duction were harvested. On October 18, energy grass
species and grassland mixtures were harvested. The
dry matter yield in the same species was up to 10 tons
per 1 hectare. The grassland mixture produced the
highest yield of green material (48.36 t/ha) and dry
matter (9.77 t/ha) for wetter conditions, in the fertil-
ized variant. For the grass species, the highest yield
was for fecsue Kora in green material (31.29 t/ha)
and in dry matter (9.36 t/ha), in the fertilized vari-
ant.
The second harvest of grass species and grassland
mixtures was performed on July 4. The dry mat-
ter content in the green material of the investigated
grasses and mixtures increased to 29.89 %–40.86 %
according to species. The grassland mixture pro-
duced the highest yield of green material for wetter
conditions (35.38 t/ha), in the fertilized variant. The
highest dry matter yield was for brome-grass Tacit
(12.27 t/ha), in the fertilized variant.
On July 8, a harvest of grasses and grassland
mixtures for biomass production was performed, and
some grasses for seed production were also har-
vested.
The dry matter yield in the green material was
from 30.59 % to 42.64 %, according to the veri-
ﬁed components. The grassland mixture produced
the highest yield of green material for wetter con-
ditions (35.52 t/ha), in the fertilized variant. The
highest dry matter yield was for brome-grass Tacit
(12.48 t/ha), in the fertilized variant. The highest
seed yield was recorded for brome-grass (2.812 t/ha),
in the fertilized variant. Other grass species produced
a seed yield from 0.117 to 0.824 t/ha. The seed yields
were almost identical for the fertilized variant and for
the non-fertilized variant.
On August 9, grasses and grassland mixtures for
biomass production were harvested. The seed har-
vest for Agrostis gigantea was performed. The dry
matter content in the green material ranged from
36.35 % to 50.83 % of the investigated components.
The highest yield of green material was reported for
fescue (30.24 t/ha), in the fertilized variant. The
highest dry matter yield was for fescue (13.68 t/ha),
in the fertilized variant. On August 9, 2005 the
seed harvest of Agrostis gigantea was performed, with
the yield in the non-fertilized variant amounting to
0.425 t/ha, and in the fertilized variant amounting to
0.495 t/ha.
Figure 1: Produce of harvested grasses (D.M.)
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Figure 2: Biogas production for diﬀerent blends
On September 8, the harvest of grasses and grass-
land mixtures for biomass production was performed.
The dry matter content of the grasses and grass-
land mixtures ranged between 38.92 % and 63.21 %.
The highest dry matter content was found for brome-
grass Tacit, 62.53 % in the non-fertilized variant, and
63.21 % in the fertilized variant. The highest yield
of green material (22.74 t/ha) was for reed canary
grass Palaton, in the fertilized variant. The high-
est yield of dry matter was also found for reed ca-
nary grass Palaton (13.30 t/ha), in the fertilized vari-
ant.
The second cut of the investigated grassland mix-
tures and grasses in the ﬁrst year took place on Oc-
tober 18th. The second cut was harvested on the
plots where the ﬁrst cut had been made on June 6.
The dry matter content in the green material of the
grassland mixtures and grass species ranged from
31.92 % to 39.59 %. The results for the green ma-
terial yield were from 2.56 t/ha to 5.62 t/ha. The
investigated grassland mixtures and grasses showed a
minimum diﬀerence in green material yield between
the fertilized variant and the non-fertilized variant.
After the ﬁrst cut, no further fertilization was car-
ried out. The highest yield of green material was
for reed canary grass Lera, in the fertilized variant
(5.62 t/ha). The highest yield of dry matter was
found for reed canary grass Palaton, in the fertilized
variant (2.09 t/ha). The dry matter yield ranged
from 1.03 t/ha to 2.09 t/ha in both the fertilized
variant and the non-fertilized variant.
3.2 Procedure for determining the
biogas yield
The biogas production, and its chemical composition,
from each type of substrate was investigated. The
two reactors enabled the fermentation blend compo-
sition to be optimised, the course of the process to
be better controlled, and the operational tempera-
ture eﬀect to be monitored. For inoculating the pro-
cess of methanogenesis, we used a blend of fermented
fugat from the RAB Trˇebonˇ biogas plant and fresh
pig slurry, also from Trˇebonˇ. Identical conditions
were set up for all the experiments. The fermenters
operated at a temperature of 42 ◦C, i.e. within the
thermophilic ﬁeld. The dry matter weight percent of
the initial blend of mixed substratum was between
4–8 %. The resulting biogas production (in litres)
was always related to a mass of 1 kg of the sample
organic dry matter.
4 Conclusions
The grassland mixtures and grass species that were
included in the project revealed a diﬀerent dry mat-
ter content in the green material, which increased
mainly due to vegetation ageing and a later ﬁrst har-
vest time. The highest dry matter content was found
for plants harvested in September (for brome-grass
in the fertilized variant, the dry matter content in
the green material was 63.21 %). Particular grass-
land mixtures and grass species also react diﬀerently
in terms of dry matter yield and optimum harvest
time for biomass and its utilization for energy pur-
poses during the harvest year. The aim is to achieve
the greatest possible dry matter yield. The reduction
in dry matter yield for grassland harvested later in
the summer and in autumn in the ﬁrst cut is due to
leaf fall and plant lodging (e.g. grassland mixtures or
Arrhenatherum elatius). On the basis of the prelimi-
nary results, it is recommended to harvest grassland
mixture in wetter conditions and in dry conditions
in June and July, with the possibility of using multi-
cut. For these mixtures, in particular, the high yield
potential of green material in an early cut can be
utilized.
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Our preliminary measurements have shown the
possibility of using a high proportion of agrostis gi-
gantea in the batch. The biogas production from the
mixture with agrostis gigantea is fully comparable
with the biogas produced from slurry alone. Average
yields of 265 m3/torg.d.m. are normally achieved, and
the maximum yield achieved was 378 m3/torg.d.m..
This yield was for Agrostis gigantea, one month be-
fore it reached technical ripeness. Very good results
were also achieved for Arrhenatherum elatius, where
the span between maximum and minimum produc-
tion was smallest. Fescue seems to be a less suit-
able plant for biogas production. With the extended
reaction time, there is stagnation in biogas genera-
tion and a drop in methane content after 33 days.
All the tests proved the suitability of using young
plants up to two months before they attain techni-
cal ripeness. When the harvest was made one month
after ripeness, the results were signiﬁcantly worse.
Other trials focus on the eﬀect of the grass species
structure.
The combustion trials have proved that grass can
be combusted in selected combustion systems and at
the same time comply with the emission limits. It
has also been proved that Agrostis gigantea and fes-
cue are suitable fuels. For combustion purposes, it is
suitable to do the harvesting as late as possible after
the plant reaches technical ripeness [2].
The sieve mesh size for Agrostis gigantea crush-
ing before pressing the briquettes did not inﬂuence
the emissions. It only inﬂuenced the quality of the
briquettes. Arrhenatherum elatius seems to be less
suitable as a fuel.
In future work, other grasses, i.e. brome-grass
and reed canary grass, will be tested in blends. There
is also a legislative problem with grass combustion,
since the boiler is allowed to incinerate only approved
fuels. Until now, large boilers have been approved
only for wood and straw combustion, and small boil-
ers have been approved only for wood combustion.
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